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Eavironmental evaluations in a prospective behavioral study of children with blood lead
levels up to sbout S0 ug/dl were performed by an intensive enviroamental survey and by
exterior visual evaluation of housing quality. Serial blood lead values for infants in the swudy
were compared 1o exterior housing type and quality, which itself was also compared with
results of the intensive eavironmental evaluation. Five bousing condition and type cate-
gories were defined: public housing. private housing (satisfactory, deteriorated, and dilap-
idated): and rehabilitated private housing. In this interim report on the first subset of avail-
sbie data, the housing categories were found to differ in paint and environment dust ead
levels, with public and rehabilitated housing having lowest values. Blood lead concentra-
tions of children differed across housing categories as early as 6 months of age. with children
residing in public housing having lowest levels, followed by those in rehabilitated housing.
The spread in mean blood lead concentrations among the housing quality categories in-
creased with increasing age of the children. Housing category accounted for over one-half
of the blood lead variability in 18-month-old children. ' © 1985 Academic Press. dac.

INTRODUCTION

Lead-based paint in older houses has long been associated with elevated blood
lead in children residing within them. The causal relationships were earlier
thought to be mainly due to the ingestion of lead-based paint chips (Lin-Fu, 1967).
More recently it has been suggested that the intake of house dust contaminated
with lead is a significant pathway for at least part of the increased burden of lead
in children with moderately elevated levels of lead (Chamney ez al., 1980). There
has been considerable debate concerning whether the source of lead in the dust
comes from painted surfaces or from automotive or industrial air pollution fallout.
The source of the lead certainly depends on the characteristics of the community.
Children living in dilapidated housing have been found to have elevated blood
lead as early as 7-10 months of age (Bradley er al., 1956). Even in situations
where housing was thought to be the primary source of the lead, few data are
available that directly address the question of the age at which the influence of
housing commenced.

Sources of lead in the environments of children in the Cincinnati prospective

! This paper was presented at The Second International Coaference on Prospective Studies of Lead,
Cincinnati. Ohio, April 911, 1984.
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study are determined periodically by an intensive on-site survey that focuses on
the measurement of interior and exterior paint lead and s variety of dust samples:
surface dust and dust fall (intenior and exterior), handwipes, and soil. The high
rate of moving by families from one dwelling unit to another, however, results in
a large portion of the dwellings not being subjected to the intensive enviroamental
evaluation. On average there was more than one housing relocation per subject
per year. In order to partially compensate for the resulting lack of environmental
information, an exterior or ‘‘windshield'’ survey procedure to assess building type
and condition was developed. This procedure was based on assumptions re-
garding lead availability, condition, and age of house. Windshield surveys have
often been used in the past to assess rapidly certain characteristics of housing
primarily related to level of maintenance. We were aided in the development of
the exterior evaluation procedure by our previous lead source studies in a variety
of neighborhoods throughout the Cincinnati area (Reece er al., 1972; Bertinuson
et al., 1973; Clark et al., 1974, Hammond er al., 1980) and by participation in
community housing development activities in Cincinnati over two decades.

In Cincinnati, bousing can be classified into three general types: public housing.
nonrehabilitated private housing, and rehabilitated private housing. Public
housing has been constructed by the local public housing authority since the mid-
1930s under U.S. public housing statutes. This type of housing is subsidized and
intended for low and moderate income families. Since it is relatively new housing.
it generally contains low-lead paint. Typically this public housing was constructed
in clusters of 100 or more dwelling units, and a large portion of the building lot
was devoted to open space, frequently green. It is possible to identify readily by
exterior observation whether bousing is **public housing'’ or whether it has been
*‘rehabilitated’” as subsidized housing.

Most of the private housing stock in which our cohort resides was built in the
19th century or in pre-World War II 20th century and usually contains multipie
sources of high-lead paint. Some of the private housing, however, was built after
World War 11 in which case low-lead or lead-free paint was almost always used.
This newer housing was constructed on lots where a large portion of the land
was devoted to parking and to green space, similar to the practice for public
housing.

Rehabilitated housing refers to older housing in Cincinnati that was extensively
rehabilitated by private nonprofit and for-profit developers under 1965 and later
U.S. bousing laws. These older, predominantly 19th century houses usually con-
tained high-lead paint prior to rehabilitation. This housing is also subsidized and
is intended for low- and moderate-income families. The interiors of these reha-
bilitated houses were frequently ‘‘gutted.’’ Virtually all surfaces on the interior
of this rehabilitated housing are therefore new, and low-lead or *‘lead-free’’ paint
was used in them. Exteriors were either sandblasted or chemically cleaned,
thereby dispersing exterior leaded paint to the ambient environment. The older
houses from which these rehabilitated units were derived frequently occupied
very high proportions of the lots on which they were built, with any available
land outside the houses frequently being paved. This lack of exterior space ad-
jacent 10 the house generally persisted after the rehabilitation process. Often the
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housing sdjacent 10 the rchabilitaied housing was pot rehabilitated and frequemly
wuhmcodlm.mmmnwﬁmwduevmu‘ym
ﬁu.whmwlyenndhmmlﬂy.cﬁenm:cmnl.
weth houses comtaining abuadant sowrces of lead. The subsidized rehabilitated
M&cun‘hﬁsmwmuwwmmdm
wby-iddeu-‘m-hcn-c(-ﬁn.lcmmiuicm
M*M.NWMMW:MWMMM[M
wihuch the lcad has boon removed by chemical or heat methods. In the subsidized
srehabilitatod houses, elder weodwork was almost always repinced by siandasd
.ueuuh-hu.udnlmuulmnlu-nwﬂemw
cisl means of ihe families of the study subjecis.

mmmmsu‘um.W“W
The Girst condition was usod for housing which, from the outside, appeared 10 be
Mwﬁh“whﬁdﬁsmm.MMm
quwwmwewuumam
also resulted in struciusal defects such as missing irim, broken windows or dours.
Since the wae of lead-based paint in the public, rehabilitated, and newer privale
housing is rase, the condition (actor wes ot judged (0 be as imporiant as when
qﬂ'dh“MMwauﬁoﬁmhmuw.ﬁ-
was likely 1o be pressnt and was thesefore aes applisd 10 them for the purpese
of this pager.

Sonrces of lead other than paint such as in waler and air exist 10 a degree ia
Cinciansti as they do elscwhere. The water supply was the same for all of the
mhum.ummmhuoum.mm
supply is highly buffesed with » pH of sbout 7.7 (Miller, 1984) and has & low
plumbosolvency for any lcad pipe or fixtures that may erist in the housing.
Monthly grab samgples of lapwaser from thsoughout the Cincianali Wates Works
distribution sysicm dusing 1981 - 1984 contained & median icad concentration thet
was below the detection limit of 5 ppb, and the highcst value found was 6.0 ppd
(Young, 1983).

Air lead in Cincinaati is generally in the range 0.2-1.0 pg/m®. A lnrge postion
dwu&MhMWﬂQMd&mmﬁ-M
intesstate highway sysicm ia Cincinnati, sad some is as close a8 100 m. There
has bsea & sicady dechinc in average air lead coaceniralions in the study wes
over the laat nmmumuwmmo.lm'.

In this interim report, the resulis of the inteasive cavironmental cvaluastions
and blood lcad analyses weors sach compared 10 housing quality/housing lype a2
described above.

METHODS

Mmmsmemdmmcmmmm.u-
tails af which have bees prescased clsewhere (Bormschein e/ of., 1905).

Blood samples were obtained by vesipunciuse st 3-monih iniervals with the
first samplo being coliccicd at an age of 10 deys. Blood lead analyses were per-
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formed using a cold digestion anodic strippsng vollammetne method (Morrell of
al., 1976). Famibics of study participants frequently changed residences. If the
chuld did aol change homes from buth theough the persod of Lime uader consid-
cration or moved between buddiags in the same housing qualdy catcgory. the
eﬂimg m:onl of blood leud duta was wiilized. However,  the move was between
h'oumndilatumms.odymwkﬂu:ﬁumhwmﬂlh
time of the move was withzed in this evaluation. AN lnburatlury analyses of paist,
dust, and soil sumples were performed using atlomic absorplion specirophotom-
etsy (AASD_ by a laboraiory accredited in industnal hygsene chemical analyses.
Surface paim lead concentrations (mg Pb/cm?) were detecied by use of » 8.122
MeV Co* portable X-ray fluorescence (XRE) unalyzes. Methods for collecling
aad snalyzing the dust and s0il samples are descrbed in delad elsewhere (Que
Hee 1 al.. 1985). These methods iachuded surface dust coliection with a stainless-
sicel sampler and a vacuum pump (2 liiers/min) using three passes over a mcs-
swred arca usually 22 x 22 cm. Three wipes were performed for collection of
::ddu‘l T::meudmlu‘uuwﬂwn
one for wipes. Dustfull was oblaised using the hylcae containers

descnibed by Aagle ¢f ol. (1979). uuas the polycihy

Ho!mn quhly was assesaed by the drive-by exienos cvaluation previously
described. Buildings containing the dwelling units of the study parucipasts wese
u:u.ued 0 ::: of five quality cuteguries:

. Publec housing and -World War 11 hou comMnuc ]

11. Rehablrated howsong. e ted pewscly.

111. Pre-World Was )] housing — sstisiaciory appearance.

IV. Pre-World War {1 housing — deternioraied appearace.

V. Pre-World Was 11 housing —ditupidaied appearaace.
The deicrioruted and dilspulated calegorics for pre-World Was §1 housing were
combincd ia 1he comparisoas with blood lead of occupants because of ihe small
number of children residing in dilapidated housing.

RESULTS

Resulis of anslyses 1o duie of caviconmental samplcs, categorized according to
extenior housing Quality, are prescaied 1a Tuble ). As expecied the lead coment.
as determined by XRF, in public aad rchabilitaied housiag is very low comparcd
10 that of the older private housing. Simaucly, the dead content of imtcrios surface
dust (PHD), cxpressed in serms of cithes an arca (mg Pb/m?) or concentration (pg/
u,ubnuumuw-dmmmmmwwmm
private housing in dcicniorated or dilapidated condition. Lead in mterior dust fall
(PoD Gull, mg Pb/m’/30 days) did not vary as much between the housing Calegorncs
(acror of 10) us did ke lead in POD (mg/m?) winch showed J6-fuld differences
but wus Mill lower in the public und schabilisicd housing than i the other cal-
cgores. Mcan inerior dustlall (mg Pb/m/30 days) in public housing was oaly
nbuu( onc-fifth that of rehabiitmted housing. Although relatively few exterior dust
scrupings have been analyzed. comcemtrations appeased 10 be lowest for public
housing. Only & sin-fold varution in the amount of head icad cristed betwees
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childven in 1he dilfferem housing categories, with the lowest amounts being fouad
on children in public housing.

Ales dats were deleted for children who moved, as described earlier, housing
data for & 10tal of 56 study participants were available for sististical analysis. The
total of 333 blood lead values studied were distributed in the appropriate housing
category as follows: 1, 27%; 11, 28%; 111, 13%; and IV, 32%. The blood lead
results are presented in Fig. | by age of child at time of blood sample collection
and by housing type. Socioeconomic status did not differ for familics among the
housing quality categorics and was uniformly low for all categories. Blood lead
valucs differed significantly among children living in the various housing cate-
gories for ages 9-- 18 months, with those in public heusing being lowes!t and those
in the pre-World War 11 detcriorsied/dilapideted howsing being highest. Geometric
mean blood lead for 12- to 18-month-old children in the deteriorated/dilapidaied
housing was two (0 Whree times higher than that for children in public housing.
Average blood lead values for children in rehabilitaled housing and in selisfactory
pre-World War 1} housing were generally similar. By specifying howsing qualily
Calegories, it was possible to account fov 20, 32, 46, snd 33% of the variability
in the observed biood fead fevels of 9, 12-, 13-, and 1S-momh-old children, rc-
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Shnod Load by Huvatng Type ond Age
. » . N " R
ads Age tn)

Frn. ). Bioed toad by bowsing typs and age of child.

speclively. Although the overall differences in bloed lead among the housing
proups were not significant al 3 months of age, the blood leads of children in
the poorer quality howsing were significantly higher than in public hewsing (@ =
0.04). Geometric mean blood lead levels a1 3 months of age did not increase from
those al 10 days. Thereafier, geometric mean blood lead values in gemeral in-
creased with age of child, with changes being greatest for children living in the
poorer howsing and least for those in public housing. The largest increase in blood
uhM*mmﬁNMQu‘uMbﬂemm
where the geometric mean increased from 17.7 10 26.2 pghll. Geometric mean
MM&MMM“MQM‘-&*Q&
public howsing, 9 months of age for children in pre-World War II sstisfactory
blﬂu.ﬂl&nﬁhd*hcﬁ&nhm-lmm.

Mdm“h‘bﬂmm-elnudhhpﬂk
wummmnummuwhumm
mvuh*&b”ﬁc“mw“mnimc
housing. Blood lead levels differed considerably ameng children classified by
mmy.wmmhmuummm
ﬂym“ﬂhcﬂeﬁumu!mu‘.mww
fead values were found in childres living in pro-World War 1l housing in deteri-
orsied or dilapidated condition, iniermedinte levels were detected in children in
rehabilitated housing or other well-maintained elder housing, and the lowest
levels were found in children living in public housing and ether receatly buit
private housing. Although rehabilitated housing contained lower lead paint levels
than did public housing. as determined by XRF, children in rehabilitated housing
had higher blood lead levels than children in public housing, sugpesting that lead
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sources in the immedisie ncighborhoods of the rehabilitaicd housing may be
factors.

The locations of the housing in all four categorics were in gencral the sume
with the only apparent differences being the clusiering of public housing uaits,
reiatively more yard space of public housing uails compared (0 the other housing
calegones, and the proximity (o0 an intcrsiale highway of much of the public
housing. The larges amount of yard space for public housing may be respomsible
for she relatively low dustfall lsvels in public housing. Ambicat nir levels were
probebly simslas for all four calegorics with the exception of possibly higher levels
for much of the public housing because of theis closer proximity 10 a heavily used
inlersiaie highway. la spite of (his closeness 10 Waflic, childres ia public housing
had the lowest blood lead levels. sugpesting that air lead from highways has oaly
8 very limited eflect on blood lead in childrea in this siudy. Vacuum dust lead
levels were lower for the public housing than for the other three housing cate-
gorics on & conceatralion basis but were the same as in the rchabilitaied housing
on an area basis (mg/m?). Interior dust falf levels for public housing were the same
as in rehabilitated housing on » concentration basis. The penistence with age of
the blood lead diffcrences by housing category will be evaluated up to ot least 5
years of age as the prospeclive study in which the childica are pasticipaling
continues. ln addition, procedures will be developed o evaluate blood lead data
fsom children who have moved between housing quality categosies. Limited data
curently availabie for chuldres at 21 sad 24 months of age revealed the same
general irends as those exdwbited st the younger ages.

In Cincinnati, the most effective intervention measure 10 reduce icad eyposure
appears 10 be to improve the quality of the housing stock by more cflons to
creale public and rehabilitatod housing aad 10 stimulale salisiaciory mainicaance
of other older housing.
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